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In this sttldy, theSe a- viewing W ide Fiel
.
d-of- Vie w s e n s or(Se aWiFS)is us edto
pr ototypeand analy2:e C O arSe e s olutio nm o nito n ngof theEarth
r
s su rfa ce withv egetatio n
indices･ Histogram sa ndtr anse cts ofthe n orm aliz ed diffe ren c ev egetatio nipdex(m VI)
ande nha n cedvegetado nindexO=VI)ad･e a nalyz edo v erfo u r c orltin e ntalreglO nS aS W ellas
the e ntireglobal la ndsu rfac e. Uniquedistribtltions of ND V Iand E V Ivalues w er e
displayed血thehistograJ n S. T he E W hada m or e n or mal distribtユtio n ofvaltle S O V erthe
glob alset of bio n esIWhile the ND V Iw as ske wedto w a rdhigher valu es appr oaching
s att mtio n o ve rforestedregio n s. T he N D Ⅵmi midkedtheske w ed distri btltio n sfo undin
the r edba nd whiletheE VIre s e mbledthe n or mal distribu也o n sfoundin theN IR baJld. T he
E VIw a s als ofo undtogr eatly mi mi miz es m oke c ont miIlatio n o v er xte n siv epo rtio n s of
thetr opics･ Sm oke w a sfo undtodegr adehistogram peaksin the ND VIa ndred chan n el
buthad minim aleffe ctsin theN IRa nd E V I histogram sI The r esdtsho wthat m ultiple
indic e salen eC e S S aryfor efBictiv e n o血oringofthediv erse setofglob al bio n 8 Swith the
EⅥ being pa rtic ula(1yu sefu linhighbio mas s,forestedr egio n s, whilethe ND VI being
tlS efu 1 in s emiari dr egions.
1. Intr odtI Ctio n:
V?getatio nindices(VI
'
s)ha v ee merged a sa nimpo rtantto ol in the mo nitoring,
m appl ng, 血dres ou rc em an age me ntOf theEa rth
-
良terrestri alv egetation(To wn she nd, 1994;
Myn e Ⅱietall, 1997)･ Vegetatio nindic e s a re r adio m etric m e asu r es of the a m o u nt, str u ctu r e,
a ndco nditon ofv egetation. Thes e s erv e as u s eful_ m o nito血 gindicato rs ofse as o nala nd
inter-a n n ualv ariatio n sin vegetation andre sultanし cum atic andanthropogenicinnuenc es on
the e nvironm ent.
_
As hradio m etdcqua ntity, v egetatio nindia s ar e apr e cise m e a sqr e of
spatialandtemporalvariatio n sinphoto synthetic(gr e e n)vegetation activity. T hey areals o
u s efu l in abiophysicalsen s e, as _ interm ediariesin the a s s e s sm e ntof le afa reaindex(L AT),
per ce ntgre en c o v e r, g ee nbio m a ss〉 and丘a ctio n ofabs orbedphoto syntheticallya ctive
r adiatio n(fA P A叫.
Coars eres oludo n s et)s ors s u ch astheAdv an c ed VeryH ighRes olution Radio m et r
(AVilR R), V E G E TA TION,theSe a- vie wing W ideField- of- Vie w sen s or(SeaWiFS), and
the s o o ntobela u n ched Moder ateRes olutio nIn agingSpe ctr oradio m et r(MODIS), and the
Glob alh ager(G LI)onbo ardtheEarthO bservingSyste mO=OS)A M landAD E O S12
platfo m s, re spe ctiv ely, a reparticularlyu sefd _ du etothehighffequencyc o v er age(da止y
to2封w e ek)obtainable･ _ T hese s e n sor sarede signedtogen e r ate standard
`
v egetation
'
pr odu cts andstable 血 e s erie sdata setsfo r a m atedis crimin ation ofinte r-a nn uala nd
htr a- an n ualv ariatio n sin v egetatio n･ Cloud- free v egetatio ninde x m aps_ gedesign edto
be stdepictthe spatiala ndteⅡlPO ralv ariation sin v egetation at the丘n e stspatialandte mpo ral
r e s olutionspo ssible･ T he re ar etr ade ofFsho w ever, betw e en tempo ralr e s olutio n and
cloud- and n ois e-缶eepix els･ Atm o spheric contamin atio nfrom aer o s ols andsubpix elclo uds
alo ng wi thvadable sun-s urfa c e-s e n s orge o m etrie s andtheir as s o ciatedbidire ctionaleffe cts
ar e s om e of the s ou rc e s ofn oiseprevale ntin the v egetatio nprodu cts･
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OpEimizatio t1 0fV Z'sfor global vegetatl
l
on m o niio n
'
ng a nd m appz
'
ng
Spatiala ndtemporalv ariabilityinVrs aris e
_
fro m s e v eralv egetation - related
properties, includingL Al,fA PA R, c a n op ystru cture/archite cture, spe cies c o mpositio n,･
la ndcovertype, - le afoptic s, c anopycr ow n c o ver, understo ry v egetatio n? andge e n
bio ⅡlaS S･ A cha ngein a nyo n epropertyo r s etofpr operties willre s ultin aglVe n Change in
aV Iv alue･ Ho w e v er
,
a sidefro m v egetation cha nges, theVIm ayals ovarydu eto other
fa ctorsincluding;
● fa ctors e xte malto the nnopysuchas atm osphericga s e o u s abs orption anda er o s ol
v ariatio n s
,
subpix elclo uds a nd clo udshado w s, topographic variatio n s, and
vie w lng a ndillu min atio nge om etries;
s ens or ando rbitcha r a cteristic swhich include instru m entcalibr atio n
,
n a vigatio n and
ge o m etric r egistr atio ne r o r s, ba ndtobandr egistration err o r and丘1terdegradatio n;and_
● fa ctorsinher e nt tothe can opy,in cludingcanopyba ckgro und v ariatio ns(s on,
r oughn es s, grav els/ro cks, snow , w ater, o rg皿1 C m atte r)and thepr es ence ofn oJ] -
photo synthetic v egetadon m aterials(litter, sen e s c ed v egetatio n,de adplantm atter,
bark).
Tbe no r malized di飴 re nce v egetatio nindex(N D V I), as a no m aHzedr atio ofthe
N IRandred bands,
ND VI=(Pnir - Pred)/(P血 ＋Pled) (1)
is s u c c e ssful in thatitis st此 cie ntlystableto pemit m eaningfu lc o mparis o ns ofse as o nal
and inter- 弧 Iualchangesln V egetatio ngr ow thand activity･ The str e ngthofthe ND Ⅵ isin
its r atioingc o n cept, which reduce sthe multipHc ative n ois e(nlumination differ e n ce s, clo ud
shadow s, atm ospheric atte n u ation)pre s e ntin m ultiplebands･ Curre ntres earchis由m edat
ope r ational
ー
exter n al- noIS e re m OValthr o ughatm ospheric c orr ectio n a ndstdhdardizatio n of
su n-s urfa c e-s e n s o rge o m etrieswith B R D Fm odels(v a nLee n w e n etal., 19 8;ヤe mote et
al･
･
1 99
.
7)･ State1 0f-the-a rtinstru m e nts wi th impr o v ed radio n etric and registratio n
a c c u racleSareals obeingde veloped･ The s ehav efa cilitatedimprovedstability a nd
c o mparis o n sam o ng pl X els･
As the `e xter nal' ands ens or char a cteristic s ou rc e s of丑Ois e ande ro rins atellitedata
a re r educ ed
, the n e ed for
T
ratioing-bas ed
lindic e sdecre as e sal1o wingforthehtr oduction of
altern ativ e a nd enhanced v egetatio nindic esfo r ope rationalm o nitoring of theEarth
l
s
v egetatio nPu ete etal･ , 199 7)･ Ratio sar en otalw ays optimal fo r vegetatio n Studie sdu eto
n on -1in e adties
,
s caling, anda sym ptotic(satu r ated)signals. Altern ativ e, n o n- r atioing,
indic e s areg n erally m orelinearwithless s atu ratio nproble m s,butr eqtlir ere丑e cta n ces as
lnPutS･ Thu s, e xte malands e ns or nois e re m ovals ar eacco mplished inthederiv ation of
s u rfa cer e且e ctan c e s
, prlOrtO Ⅵ c o mputation.
VegetB[tio nin dic es canbe
"
opti mized
''in s e v eralw ays;(1)to mini mizeinllere nt
mis e s u ch as c a n opyba ckgro und;(2)forthe retrievalofspe ci丘c･biophysicalpar am ete rs
s u ch asfA P A R;o r(3)forbio m e-spe cific applic atio n s･ Ithasbec o medea rthqt m o r ethan
on einde xis ne eded fo rthe retrievalof biophysicalpa ra meters and for m o nitorlng Of al1
landc ov e rtype
.
s andthatno singleinde xis c apable ofdis c emingalqu antities of inter est.
Further mo re
,
sin c ebiophysicalqu antitieste ndtobe n o n-1inearwithe a ch other(e .g.
fA PA Ra nd IJ Al), nO Singleinde x 払n beline ar withallvegetatio npa r am eters.
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n e e坤apc9qVegetatio ninde x@Ⅵ)w asdev elopedto optimiz ethe v egetation
signalwhile m m l m 皿 ngae r o s olandcan opybackgro unds o urc e s ofnois e(ヨ心ete etal･,
19 97)･ T he equatio ntakesthefo r m,
E VI= 2.5 *(Pnir - Pred)/(L ＋Pnir ＋ CIP,由 一 C2Pblu e) (2)
Whe reListhe cal10Pybackgr o u ndc o rr e ction thataddr e s s e sdif6er entialN IRand red
radiant tr a nsfertllr Ougha canopyand Cl and C2 ar ethe c o efBcients of the a er os olter m,
which uses theblueba ndto c orr e ctfo r a e r o s olsinthe r ed band(Kaufm a nand Tanre
'
,
19 92)･ T he c oefBcientsbeingtasted her ear e:L= 1, Cl ≡ 6, andC2 = 7.5.
In this s tudy w eprototype and analyz ea setofVI
'
s wi thglob al SeaW iFSim agery･
吉istogr am s of differentc o ntin e nts are a nlyz ed alo ng wi thra n sectsthr oughdiv e rs e s et of
biom es･ Thegoal istohve stigatethefe a sibilityofan altem ativ e9r enhan c ed Ⅵ fo rglob al
oper atio nalu se.
2. M ethods a ndStudy Site s
GlobalSe aW iFSim agery w ereu sedtoprototype and analyz eVI
'
sfor
M O DISandGLI. Se aWiFS istilted 20
o
alongtr ack andproducesglob al 丘elds ofradiance
in 8visible a nd n ear-infrar ed cha n nels si mi lartothose ofthe 36cha nnel M O DISand the36
ch弧 n elGu s e n s o r sぐrable1)･ T her earetw o r e s olutions of data;Lo cal A托 aCo v苧age
(u q at -1 km r es olutio nand4km , Global AreaCov er age(G A C)･ A 16-daysen es of
SeaWiF S G A Cdataforthepe riod, Septe mber15to October1, 1997, w as colle cted ov e r
the e ntir 6globe andc o 皿PO Sitedto clo1d一缶e e, si ngle cha n n elreflectanc eim ages･ ¶1e
im age s w er e血3tdegradedto8km andc o rre ct d fo rRayleighs cattering, o z o ne abs o rptio n,
and w ater abs o rptio n asin theA V H R R Pathfinderpr o c edn re(J am es and K al1血 ,1 94). A
p打 血1clold m ask w as us edto re m o v e clo ud c ontamin atedpix els withrefle ctan c e
thre sholds
,p > 0. 25. Ho w e v e r, be catlS e Ofappreciable residualcloud c ontaminatio n, the
m a xin1 um V alu e c o mpo sitefo r ND Ⅵ(M V C- ND VDandE V I(M VC- E Ⅵ)w e re utilizedto
r edu cethe1 6 daysinto cloud-fre eV Ia ndsingle chaT nelr ene ctan c es of Se aW iFS(Holbe n,
1986)I O the r, B R D F-r elated, c o皿POSiting m ethods w e retried and a nalyzpd(v anLeeu wen
etal･
,
1 998),butthe s e we refoundto o sensitiv eto r esidualclouds r
.
e n aln lngin thedata･
H istogram s andtran s e cts w ere e xtracted o v e rfo ur
'
c o ntine ntal' r eglOnS, North America,
So uth America, A出c a, a nd Asia, repre s e ntig a wide r a nge ofland c ove rtypes(Fig･ 1).
T hehistogr a m s oftheindivi dualbands andtw o v egtado nin dice sar epr esentedalo ng with
s o m etra n se ctplots cr o s sing m ajortransitio nalar eas within eachc o ntin e nt.
Table1:MOD IS, GLI, andSe aW iFSspectral bandwidths applic abletola ndstudiesin the
visible andn ear-infrared.
# G U畳 _ __ 迎 堕_二
1 402_422
2 433-453
3 480-500
4 500-520
5 545-565
4
5
20
438-448
4551465
425_4951
M O DIS
3 4591479
21 (520-570)
9 560-570 4 5451565
22 (630-690) 1 (620-670)
ー 12 -
6 660-680 13 673_683
15 705-715
7 (745-785) 1 7 7591767
23 (7701880)
8 (845-885) 19 860-870 2 (841187 6)
*
par etlthesesden otebandwid ths widerthan20 nm .
3. Re s ults
Figu re2 is the resulting N D Ⅵa nd EVIc o mpo sited glob al 血age s using the
m a xim u mN D Ⅵand m 拡im um E VIcriteria? re spectiv ely･ The tw o lmagcs ar e w ell
c o rr elat dwitha fe w differen c e s･ T hebo r e al reglO n Sin Can ada a nd Russia ar e m u ch
brighter(highe rvalu e s)intheNDVIim age r ehtive to thatinthe EⅥim age. Thejha z on,
Ce ntral Ameri皿 1
,
and Indi皿 forested regio n s appe arbrighte rin the E Ⅵ im age. In
additon the E Ⅵ 血age s e e m sto hv e s o m e artifactvalu esin Ant2LrCtica, while the N D Vl
appearstohav e s m oke -relatedvariatio n sin thetr opic alfo re steda reas,
3. ) No rth Am c r･z
'
ca
T heblu e, r ed) andN IR bandr eflectan c e a nd Ⅵ histogr ams,
■
repre s e ntigthe m ost
cloud-丘e e and minimal`a er o s oIIplX elselectio n s, aredepicted forNo rth Americain Fig1 3･
T heblu e and red bandsdo n othv enor mal distributions andar e skew edto w ardverylo w
r ene ctan c evalu es withpe aks of0.03intheblu e a nd0.04in the red. The s e v alu e sar e
as s o ciated withthe m oreden selyv egetated,fo r estedregio n s, particula rlythe e a ster n
broadle afforests
,
s o uther nne edlele af Pinefo r e st inthe U .S.Å and bor eal for ested are asin
Ca n ada. The skew ed distributio nals oindicate s s atu ration ofthe seballds o v
l
e r m o stof the
fo re stedregio ns. n ehigher re丑e cta n c e valu e s are as s o ciatedwith the m o re arida nd
semiaridpartsbut there are v eryfe wpix els withr edr efle ctance sgre atertha n0.20. The
shoulde rpe ak obs erv ed inthe r ed histogr am at -O1 3 is notpr e s e ntin theblu ehistogram ,
indicatingthat this s u rfac e-relatedfe attu ecan n otbe re adilys e e ninthehigher optical-depth
blu eim age･ Thehistogr am of theN IR bandsho w ed a In u Ch n ot en?r maldistribution of
valu e s, c entered atO･24･ Despitethehighan oyntofa ctiv efor estv egetatio nh Septembe r,
theN I Rshow edn oappar entsign s ofsatu ratio n.
Itis w o rth notingthatthere w er e slightdiffe re n c esin the spe ctral histograJ n S
betw eenthe M VC- ND Ⅵand M VC-E V Is ele ctio n s ofpix els. T he ND V I based
c o皿POSitingsche m e r e s ulted inlo w e r r eda nd Nm reflectan ce swith histogr am pe aks at
O･04 a nd O･21
, r espectively; whe re astheE Ⅵ-bas edco mpo sitings che mepr odu c ed
histogr am peaks atO･05a nd O･2 4 inthe r ed and NIR, re spe ctively･ Ther e w e reno
difference sin theblu epeak betw e e nthetw o sdhem e s. T hus,the M V C- ND VIte ndsto
s-ele ctthelo w estr edrefle cta n ce whilethe M VC
- E Ⅵ,thehighestNIRrefle ctanc es.
T behistogr am s ofthetw o c omptltedvegetatio nindic e s sho wed ve ry c o ntrasting
r es ults with the ND Ⅵ ske w edto ward itshighestvaltle S, thu s s atur atingin thede n s ely
vegetated are as(Fig･ 3)･ T he ND VIe sse ntiallyr espo ndedto the simi lary 'satu rated' red
band･ TheE Ⅵ, o nthe othe rhand appe ar edto re spo nd m oreclo selyto the N IR bandas
bothdidn ots atu rate, butproduc ed fairlyno r maldistributio n s ofv alues. The E Ⅵ
histogram hada sharppeak at - 0･32, a slightshoulder at - 0.4 2, a nd an o v e ral1range ofJD
toO･7(Fig･ 4b)･ T heN D Ⅵ histogr anhad ape ak at0.62, all`ic epeak
'
atA .02and a
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r ange of - DtoO･85(Fig･ 3)･ Thepeaksinboththe ND ⅥandE V I histogr am s c o ntain,
am ongワtherlandc ov ertype s,theborealfore sts･ T he sho ulder on the righthandside of
the E Ⅵpe ak m arkedthetran sitio nfrornneedlele af forest tobro adle affor e st . Thelefト
handside of the E VIpe ak is m ostlyarida nds emi,aridlandcovertype swithm o stofthe
gra ssland ar easinthe ce ntralU･S･ A I Pr eS entwi thinthe E V Ipe ak･ T helefトhandside of
the ND V Ipe ak delineatesatran sitio nfro m arid, s emi-a rid, andgrasslanda r e a s. Thus,in
c o mparison with the E V ‥,the ND V I is c o mpre ss edinto a n arro w r a nge ofvalu e s o v e rthe
fo rests andstretch outover ala rge rra nge o v erthele ss vegetatedgrassla ndtode s ert,la nd
C OVerty peS･
Alinetra n s e ctthrot1ghthe c ontine nt(n o rthto the s o uth)provide furthe rin sightinto
the n atu re of the
.
tw oindic e s(Fig･ 4). lntransect
'
a
'
,
both VI
'
s startlo w in thetu ndr a z on e
a ndc o血 ueto incr e as ethr o ughthebor eal forests ande a sternb
.
roadle afand 血 al1y
s olthe r nPin efor ests･ TheN D Ⅵa sympto也callyreachesa 皿 a3(l m um Valu eof - 0.8
h al fw aythr otlghthetra n s e ct(n o rthe a stU･ SI A , br o adle af fore sts), while the E VIc ontin u es
toin cr e ase until the丘nalthirdpo rtion ofthetr an s e ct wher eitstartstodec r e a s e againO7ig･
4)･ Thu sfo r n eatlyh alfthetr a n secsthe N D V I is atits ma3n m umValu e(- 0･8), while the
E VIsho w ed no slgDS Ofsatur ating, m creasingfrom O･1(tu ndr a)toO･65(bro adle af fo r est)
andthen de crea singto - 0･5(ne edleleaf Pin efore st). T heN D V Iv aried 丘･o m0.2inthe
tundratoO･81in thefore sts andthe nde cre a s edto -0･65. T he s udde ndropinE uv aluesin
the s outhernPin efo r est is as s ociated with alandc o v er changefr o mbr o adle aftre esto
n e edlele aftr e es･ h a radio n 紬ic s ense,the E V Iis s e n sitiveto this m ajor c a n opystru ctu ral
change, in depe nde ntorpartlyindependentofanybiophysicalv egetatio ndiffe rences
O)io m ass,1A I, %cro w n c over, etc･ ･ ･)･ Tbe ND Ⅵw as n ots o r e sponsiv etothis cha ngein
landc overtype 伊ig･
.
4), which m aybedu etothe asym ptotic o r`satu ratio n' effe ct. Itis
w orn notingthe
`
n oISe
'
orv ariabiuty pr esentinboth VI
■
s alo ng m o stofthetrans e cts
which m aybedueto a c o mbin ation ofsen s o ト S u na gles, S ubpix elclo uds, andr ealsu rfac e
heter oge n eitie s(Cillar et al. , 19 94).
3.2 South Am e rica
T he spe ctralhistogram sfo rtheSo uth Amedc a n c o nti e nt(Fig. 5)exhibitedafew
differe ncesfro mthose ofNorth Americ a(Fig･ 3)･ The red histogr amhad abroke npeak
c aus ed by exte n siv ebio massbuminga71ds m oke, whichcanbe s e en in Fig･ ll T he N IR
histogr amis stilln orm alydistri btlted butslightlyske w edto w ardthe righthandside
relativ eto thate n c ountetedin No rth Anerica･ T hepeak als o o c cu rred at ahigher valu e
(0･28)･ n eblu epe akhadn obr oken structu r e a ss o ciated withsm oke, ho w e v e r, the pe ak
o ccu rred atblue renectan c c s(0･0 6)twice thatofNorth America(0,03).
TLe ND Ⅵand E VI histogr am sforSouth An eric aals o sho w ed distinctdiffe r e n c es
伊ig･ 5)I Bothindio eshada sharp edge athighervaluesindic ativ e ofs o m e s atu r ation ov e r
highbio mas s c o nditions･ Both indices als o sho w ed3pe aks, which w e rev erysharp and
pr o n o u n c edintheE V Iplot･ T hepe aksdepictthe m a?
t
o rbio- r egionsinSo uth America;(1)
thepe ak of highest Ⅵ valu e s r epres ent the m ostdo m n antbio me,theA甲aZ Onfo re st;(2)
the middlepeakofinte m ediate Ⅵ valu e s repr e s e nt the s eco nd m o stdo minantbio m e,the
cerado r egio n;and(3)thelo wV Ipe ak is as s o ciated with the c o a stal de se rts a ndari d
step pes of Patagonia･ Thedistri butio n ofpixelsdiffe rs significantlyforthetw o V rs with
m ost ofthep?els appe aringin thethird(sha rp)peak inthe c a se of theE V I, a nd m o st
pix els o c c u m ngithe sec o nd(br o ad)pe ak in the cas e of theN D V I(Fig. 5). Itappears
thatthe s e c ond,br o ad NI)VIpe akis ar esultofs m oke and the shif血gof N D V Ivalues
thro ughlargepo rtions oftheA m a z on tolo we r v alues.
TraJIS e Ct'c' ctJtSthr o ughthe Amaz o n rainforest&o ntheAtlantic c oast tothede n se
interior n e arIquito sandc ontinuesthr o ughthe Andes and drie rPeru region(Fig. 4),
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Duringthe relativ ely
'dry
' Septe nbertin1efra m ethe reis als oalotofbio massbuming
o cc u ringbefor ethe ons etofthe minys eas o n. T he NI)V Itrans e ctsho ws the e xtre me
s ensitivityof the ND V Ito sm oke a er os olpardcles withvalu esdr oppl ng) O n a v e r age, 3 0%(Fig･ 4)･ T he E VIo nthe otherha ndis relativ elyun affe cted bythe s m oke with av eragede c re a s e s
1
0f le sstha nlO %(Fig･ 4)･ Bothplots als odepi?Iahighdegre e ofs c atter a mo ngadja c entplX els, whichcan be attributedto s e v eral factorslnCluding;inherentheter oge n eity
ofthe s u rfa c e
,
dens e s moke effects
,
and the angular c o nditions Ofthe co･mpo siting
pr o cedu r e･ Thedrie rv alu e s o v erthe An de s and Peruhadagre ater ND VIdyn amic range of
valu es(0,05to O･24)I T heE VIvalu es o v er this z o nerangedfro m0.05(bas e)to0.1 4.3. 3 Afric a
T he spectral histogr am s oftheAfrican c ontinentpr es e ntedtw ostrongfe atures
r elatedtothelargepres e n ce of hyper ari des erts andtropic alfo re stregio n(Fig･ 6). Ev e ntheblu ehistogr am hadtw ope aks, as s o ciated withden s evegetatio n(0.06)a nd with de se,t
(0･16)I The r ed histogram simi laryhadade s ertpeakatO140andabroken , r edpeakatO･07-0･0 8 due事o s m oke overthetropical fore sts. RedFen:qta n c es e xt nded . ut t.0.5 in
contra st toNorth andSo uth Anerica
, whe r evalue s w er m o stly within 0.25. The NIR
histogr am had a slightlybroke npe ak atO128(asinSouth Americ a),po siblydueto v erydens e sm oke･ There w a sl o abrightshoulde r(0･40J ･45)ass o ci
.
ated withthede sert･
T heSahar an de s er【als o c o ntain s signi丘c a nt are as ofdarkerge ologlC Substr ates andthu s
c o ntribute stoboth of thedu alhistogr am pe aksinFig･ 6･
The Ⅵ histogr a mplotsbothsho w sh叩 a ndn aro wde s ertpe aks atappr o血 atelyO･05(Fig･ 6)･ T his s erves asa u sefu1andstableba selinefro m whichsen s orstabiutya nd
calibr adon canbe m omito red･ T her eis a sec o nd
,
broade rpeaka ss o ciated withthetropicalforestz one･ Thispe ak is not as obvio u sin the ND vl du eto N D Ⅵs ensitivityto sm okeinflu en cesI Thes m oke effe ctis re adnys e e ninthe no rthto s o uthtran s e ctplot thro ughthe
co ntin e nt(Fig･ 7)I
.
In the c e ntral fore stedz on e
,
the ND VI de c re a sedsigni鮎a血1y(30 %)inthe s m oke- contam i n atedareas･ Both V I,s show edstablebaselin ebehavio rthro ughthede s e rt.
3.4 Asia
Tbe Ⅵ histogr am sforthe e aste mpartofthe As ian co ndnentare sho wninFig. 8.Both V IFs e xhibited 4 histogr am pe aks orfe atu res, which w eredistri butedquitediffe re叫in e ach V IA T Ler e aretw o
,
low er v alu epeaks a so ciated with ice-.(-0･02)a nd des ert(0･05).Theiceisfr om the m o stnorthe mtundra zon ewhilethedesertpeakisfro n the Gobi
r egion ･ T he othe rtw o, v egetatedpe aks ar e cle arlys e e nin the E Ⅵ(0.24, 0.4 0),butare
als onoted inthe N DⅥ(0･40, 0･ 65)I Ove rall,the ND Ⅵhistogr a mm ore cle arlydepictedthetw olo werpeaks, whiletheE Ⅵ histogr am m ore cle a rlydepictpd･thetw o, higher value
peaks(Fig･ 8)･ ･A n orthto s outh VItran s e ct thr o ughAs iaproduc edc ontrastingresultswi thetw oindic e s(Fig･ 8). There w er e cle artran sitio n spre sentinthe EⅥ fro nthe
no rtherpbiom es(tundr a)thr oughthe centralgr as slands a nds outhem tropicaland
subtr opi c al for estar e as･ The s ew e reno s o w ell deBned intheN D V I
,particula rlyinthe
se c ond halfofthetr a n sact whe rether eishttle n otice abletrendsinthe ND Ⅵ , Ove rall
,
the
N DV Itran s e ctappe ared n oisier.
3.5 GEobal
InFigur e9 w e seetheglobal distributio n ofvalue sasdepicted by Ⅵ histogr am s,The ND VIand E VI bothshow edthe str ong' c o n centratedpe aks atvalu es of0.05,
r epr es entativ eofthela rge, hyper ari d landm a s se , sucha stheSaha ra, K alahari, Gobi, a nd
Ata cam a･ As epar ate
`icepe ak
'
als o o c curr edatslightlynegative value s, 10.05 in the cas e
of the ND Ⅵand - 0･02 fortheEⅥ ･ TheE V I`icepe ak
,
w a snots odev eloped du eto a
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proble m with theblueband o ve rice, c aus lng mis sing valu e sforla rgeportion s of
Antar ctic aandGreenla nd. T he r estofthehistogram stru ctu res werefairly n o rm ally
distributed butdiffe rentin shapebetw e e nthetw o V Ps. In c o mparis on totheE Ⅵ,the
ND V I histogr am sho wedahigherpercehtage ofpix els atthe higher valu e s･ ¶1e ND Ⅵ
e nhan c e sthらvalu e sfro m s emi-ari da ndslb-humi dbio m epix els, while c o mpr es sing the
s lgnalsfro mthe Earth
'
sfo r e stedregio n sI T htlS,the ND V I, witha moredyn amic r a nge of
valu es o v e rthe semiarida ndsub-h umidr egio n s, m aybe m or es e nsitiv eto challgedete ctio n
is such biom e s whiletheE V Im aybe m o r e u s efu l inde n s ely vegetatedr egl O n S Wher eithas
an e xte ndedrange ofval1 e S1
4. I)is c tLS Sio n a nd Co n clu sio n s
The c o ntinental-s calehistogr a m s ofindividualbandr e瓜e ctan c esand vegetatio n
indic es w e refo u ndtobe us eful in the analysis ofv egetado nindic e s as m o nit rlngto ols.
Boththe NDV Iand the･ E VIequatio n s and c o mpo siting pr o cedu res w e r efoundtobe
operationalan9applic able atglobaland c ontine ntals c ale s･ T hetw o vegetatio nindic e s
e xhibited v arying S enSitivitie stodi触r e nt region s, Which w6uldaffe cttheirtlS efo r change
dete ctio n and m onitoringsttldie s a s w ellasthederiv atio n ofc ertainbiophysicalqu antitie s･
Fo r cha ngedetection,land c o v er/landu se ch ange analysis, and甲O nito rmgstudie s,the
E V Iw o uldappeartobe m ore reliable in de n s ely vegetated ar e a s sin cetdo e s n otreadily
s attlr ate aShthe case ofthe NDV I. Fu rther m or e,the a er o s olresista n c e capabiutyof the
E Ⅵw a sdepicted inboththetrans a cts and histogr am s. t he E VI histogra m s we rem u ch
sha rper, delin e atingdis cretela nd c overtype s. 1払e ND VI histogra mfe atu re sbecam e
blu rr ed wi th thepr e s e n c e ofs m okefr o m e xte n sive and regio nal bio m as sbu rn l ng･ 刀le
tr anse ctsthr ough血eA m 昭 O naS WellastheCo ngobasin in A fdcade mo n str atedho w m u ch
theN D Ⅵw as c o mpr omised bys m oke withan a v e r age30 %dec e a s ein ND Ⅵvalues,
relativetothe5-10% dr opinE VIvalues.
･In d rie r
,!emiaridregi ons, the ND VIap pea rstobe m or ese nsitiv e withenh anced
slgnals, T he ND Ⅵr espo nded m o r e re adilyto variatio n sin v egetation inari da nds emiarid
regions. ¶1e ND Ⅵ histograms sho w ed m orefe atu res on the aridside(lo wer v alu es)
relativ etotheE VI. Eow e v e r, thes e enllan C edsignals m ustbe w eighted by potential
.
e nhan c e n e ntsrin can opybackgr oundn ois e. Altho ughthebaselinebeha vio r ofboth
indicesinhype r aridsites wasgo od, one c o uldn otas s e s sthe c a n op yba ckgroundpr oble m
o v
.
e r vegetateda re a swiththedatasets us ed inthis study･ Can opyba ckgr oundpr oble m s
pn marilyoc ctu thr o ugh intim ate mi 血g(first- o rder)ofboth v egetatio n and ba ckgr o und
c o mpo n e ntsI
Fo r c ertainbiophysicalqu antitie s, s u cha s%c o v er and fA P A R,the observed ND V I
distribution ofpix els maybethedesiredsitu atio n whilefor othe rparam eters s u ch a sLAl
a ndbio mムss,theE V Im aybe m ore us efu l. Fu rther a nalysisis n e ededtobetterunde rstaJld
Ⅵ s e n sitivitie swithin and a c r o ssbio m e s. T hisin clude sthe n e edtoin c orporate valida也o n
te stsitedata as 皿arkersh boththetr an se cts and histogr a m s ofthisty peofstudyas w ella s
to incorpo r ate m o r equ antitativ ebiophysical data.
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Figur e1. n r e e-bandSeaW iFSc olo rim age(N IR, red, andgreen cha m els)ofthe16-day M V C-
ba s ed c o mposite(Septembe r1 5- OctoberI, 1997).
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